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Influence of anther pretreatment

on the efficiency of androgenesis in barley
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Abstract. The change in the developmental pathway of microspores from
gametophytic to sporophytic is induced by stress during pretreatment of spikes and an-
thers. In our experiments, anther culture of three barley cultivars was tested with regard
to the effect of chilling at 4°C for 28 days, starvation in 0.3 M mannitol solution for
4 days, and a combination of both methods. Chilling was shown to increase em-
bryo/callus formation, while mannitol treatment favoured plant development, includ-
ing development of green plants; simultaneous application of the two stress factors
for 4 days proved to be ineffective. The tested cultivars exhibited a similar ability (cal-
culated per 100 transferred embryos/calli) to develop plants without pretreatment; how-
ever, their responses to stress varied greatly. The collected data indicate that mannitol
pretreatment, as compared to chilling, is more efficient in responsive cultivars.
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Introduction

Haploids in barley, as in other species, are mainly used for time-saving production
of homozygotes. Nowadays, the two methods for obtaining haploids most often
used in barley breeding are: crossing with Hordeum bulbosum and induction
of androgenesis in anther culture. According to DEVAUX (1995), both techniques
are comparable in respect to their efficiency and the amount of required work.
Considering the availability and number of pollen grains (around 2-4 thousand per
anther), the potential efficiency of haploid production by induction of
androgenesis could probably be several times higher. The mechanism which
prompts the change in the developmental pathway of pollen is still unexplained;
the limited percentage of microspores responding to the induction, the strong in-
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fluence of the genotype, as well as formation of albino plants, reduce the effi-
ciency of this technique and point to the need for further research on androgenic
haploids.

In order to change the developmental pathway of pollen from gametophytic to
sporophytic, a proper stress should be applied during pretreatment of spikes or an-
thers. The most frequent methods are: chilling cut-off spikes (HUANG,
SUNDERLAND 1982) and immersing spikes or anthers in mannitol solution
(ROBERTS-OEHSCHLAGER, DUNWELL 1990). Both techniques limit the intake of
nutrients by microspores. In the case of chilling, the reason is the lack of synchro-
nous development of the tapetum and microspores (POWELL 1988); with
mannitol, the cause is the increased osmotic pressure in the solution in which an-
thers are immersed (HOEKSTRA et al. 1997). In wheat, HU and KASHA (1999) ap-
plied both types of stress jointly, and TOURAEV et al. (1996) used high
temperature preceded by starvation.

Pretreatment procedures differ in various laboratories. Chilling spikes at 4�C
may be effective with different treatment periods, that of 28 days being the most
frequent. HUANG and SUNDERLAND (1982) recommended the period of
21-35 days. In the experiments carried out by OHNOUTKOVÁ et al. (2000), posi-
tive results were achieved with short-term chilling which lasted 1, 7, or 14 days.
LEZIN et al. (1996) noticed that a 14-day chilling had the best effect on embryo
frequency as well as on green plant frequency. DEVAUX et al. (1993) showed
a significant advantage of a longer chilling period (28 days vs. 14 days). RITALA

et al. (2000) concluded that after more than 4 weeks of cold treatment, the regener-
ation capacity decreased dramatically, while in the experiments conducted by
HOU et al. (1993), prolongation of the chilling period up to 42 days did not exert
any negative influence. These conflicting results might be explained by the fact
that the optimum length of cold treatment depends presumably on the genotype
(POWELL 1988) as well as on growth conditions and the physiological status of
donor plants, affecting the endogenous hormone content (JÄHNE, LÖRZ 1995,
LEZIN et al. 1996, OHNOUTKOVÁ et al. 2000).

Isolated anthers are most frequently immersed in 0.3 M mannitol solution at

25�C for 4 days. HOEKSTRA et al. (1997) and OLSEN (1991) immersed anthers
in a premedium containing mannitol and macronutrients. Some authors solidify
mannitol solution with, e.g., agarose but – as CISTUÉ et al. (1994) showed – there
are no significant differences between liquid and solid media with mannitol.
MANNINEN (1997) obtained a good efficiency of androgenesis in Finnish
cultivars with 0.175 M mannitol solution, while CISTUÉ et al. (1994) recom-
mended increasing mannitol concentration up to 0.7 M for responsive cultivars,
and CASTILLO et al. (2000) – up to 1.5 M for recalcitrant ones. Starvation usually
lasts 3 or 4 days. HOEKSTRA et al. (1992) showed that the periods of 2 and 5 days
are less favourable.

288 H. Kruczkowska et al.



This study aimed at examining the influence of various pretreatments of spikes
and anthers on induction of androgenesis and on plant development in anther cul-
ture of three barley cultivars.

Material and methods

Three barley cultivars were selected for this study: winter cultivar Igri, character-
ised by a high androgenetic potential, and considerably less efficient Polish
cultivars: winter type Horus and spring type Mobek. Spikes were collected in
the field before heading; then, still enclosed in leaf sheaths, they were sterilised by
spraying with 70% ethanol. Finally, they were taken out of the sheaths under ster-
ile conditions, and the developmental stage of microspores was assessed in an-
thers from the central part of each spike. Experiments involved spikes in which
a majority of microspores reached the mid- or late-uninucleate stage. From each
cultivar, 12-14 spikes were taken; one replication included anthers from
3-4 spikes.

Three combinations of pretreatment were used: 1) chilling spikes at 4�C
for 28 days: 6-7 spikes were placed in one part of a bipartite Petri dish (9 cm),
the other part was filled with 1 ml of sterile water, and the dish was sealed with
Parafilm to prevent spikes from drying; 2) anther starvation in 0.3 M mannitol so-
lution: anthers isolated from 3–4 spikes were plated in a dish (3 cm) containing
1.5 ml of mannitol solution, and left at 25�C for 4 days; 3) anther starvation with
simultaneous chilling at 4�C for 4 days. The control consisted of anthers plated
without pretreatment. In order to achieve uniform distribution of the material, an-
thers intended for the control and mannitol treatment were isolated from middle
spikelets formed at one side of each spike. The remaining parts of the spikes were
chilled.

The medium used to induce androgenesis was FHG (HUNTER 1988, quoted af-
ter HU 1997) with added 1 mg/l 6-benzyladenine (BAP) and 0.2 mg/l
2,4-dichlorophenoxyacetic acid (2,4-D). For each cultivar and combination, an-
thers were plated in four replications, 20 anthers in each. After four weeks, and
then after six weeks, all embryos and calli (hard structure) equal to or larger than
1.5 mm were transferred to the FHG regeneration medium with 0.4 mg/l BAP
and 30 g of maltose. After four weeks, green and albino plants were counted.
The results were subjected to analysis of variance and Duncan’s multiple range
test.

Before and after pretreatment, 10-20 anthers of each combination were fixed.
The viability of 300 pollen grains in randomly chosen fields of vision, as well as
the developmental stage of 100 viable pollen grains, were determined on squashed
preparations stained with acetocarmine. Well stained pollen grains, without no-
ticeable degenerative changes in their nucleus and cytoplasm, were regarded as
viable ones.
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Results

Table 1 presents effects of particular pretreatments on the formation of em-
bryos/calli and plant development. It is worth pointing out that for all the exam-
ined cultivars, especially cv. Igri, embryos/calli formed also in the control without
pretreatment, and subsequently developed into plants, including green ones.
At the first stage of culture – the appearance of embryos/calli on anthers – only
chilling brought a favourable effect. The most numerous embryos/calli formed
in cv. Igri, and the least numerous in cv. Horus. Statistical analysis of the data

failed to show interaction between the cultivars and the kind of treatment. When
all collected embryos/calli were transferred to the regeneration medium, signifi-
cantly better results were obtained in the chilling and mannitol treatments; gener-
ally, the results obtained from the combination of mannitol and low temperature
were comparable to those achieved in the control. The highest plant regeneration
efficiency was found in cv. Igri, and the lowest in cv. Horus. Here the response
of cultivars varied significantly depending on the method of pretreatment: in
cv. Igri, plant regeneration was similar in both favourable treatments; in cv. Horus
it was insignificantly better after chilling than after mannitol treatment, and in
cv. Mobek it was significantly better after chilling than after mannitol treatment.
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Table 1. Effect of anther pretreatment on embryo/callus induction and plant development
(per 100 anthers) in three barley cultivars

Pretreatment Mean values
Mobek Horus Igri

No. of embryos/calli

Control
Chilling
Mannitol
Chilling + mannitol

53.1 a
764.9 c
169.0 a
328.7 a

99.2 a
706.2 bc
143.8 a
88.9 a

327.0 a
1042.6 c
405.8 ab
191.8 a

159.8 a
837.9 b
239.6 a
202.2 a

No. of regenerated plants (green + albino)

Control
Chilling
Mannitol
Chilling + mannitol

7.7 a
129.2 b
69.2 ab

101.2 ab

10.5 a
38.7 ab
18.5 a
2.6 a

39.4 ab
257.4 c
229.8 c
21.8 a

19.4 a
141.9 b
105.9 b
41.9 a

No. of green plants

Control
Chilling
Mannitol
Chilling + mannitol

3.5 a
11.7 a
16.2 a
8.7 a

4.6 a
10.0 a
8.8 a
2.6 a

26.0 a
164.3 b
194.7 b
13.6 a

10.9 a
62.0 b
73.3 b
8.3 a

Mean values followed by the same letter are not significantly different at P = 0.05 acc. to Duncan’s test. The inter-
action: cultivar � pretreatment is not significant



The proportion of green plants, production of which is the main objective of an-
ther culture, was significantly higher after chilling and mannitol treatment than in
the control only in cv. Igri; in the other cultivars a similarly low efficiency was ob-
tained in all the treatments.

Embryo-like structures of the three tested cultivars without pretreatment de-
veloped similarly into plants (cv. Mobek 14.7%, cv. Horus 10.5%, cv. Igri
12.1%). In all the tested cultivars, especially cv. Igri, the highest percentage of
embryos/calli developed into green plants in the mannitol treatment (cv. Mobek
9.6%, cv. Horus 6.1%, cv. Igri 48.0%). In the remaining treatments, a lower per-
centage of embryo-like structures was able to produce albino and green plants;
however, individual cultivars differed in this respect. In cv. Igri as compared to the
control, a slightly higher percentage of embryos/calli developed into plants after
chilling (chilling 15.8%, control 12.1%), but a higher percentage of the structures
produced albino plants (15.8% vs. 8%). In cv. Mobek, there was a considerable in-
crease in the ability to produce albino plants irrespective of the type of pretreat-
ment (chilling 15.4%, mannitol 31.4%, mannitol + chilling 28.1%, control 8%). In
cv. Horus, only after mannitol treatment the percentage of embryos/calli able to
produce plants slightly exceeded that recorded in the control (mannitol 12.8%,
control 10.5%).

The results provided the basis for assessing the number of anthers to be plated
for each cultivar so as to induce androgenesis, as well as the number of em-
bryos/calli needed at the second stage of culture for the ultimate formation of
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Table 2. Estimated number of anthers and embryos/calli needed to obtain 10 green plants
in three barley cultivars

Cultivar

Control Chilling Mannitol Chilling + mannitol

anthers embryos/
calli anthers embryos/

calli anthers embryos/
calli anthers embryos/

calli

Mobek
Horus
Igri

285.7

217.4

38.5

150.0

215.8

125.8

85.5

100.0

6.1

653.8

706.2

63.5

61.5

113.6

5.1

104.0

163.5

20.8

114.3

384.6

73.5

375.7

342.0

141.1

Table 3. Pollen viability depending on anther pretreatment in three barley cultivars

Pretreatment Mobek Horus Igri

Control
Chilling
Mannitol
Chilling + mannitol

77.5 c

64.4 c

29.5 b

10.9 a

44.2 b

22.3 a

15.4 a

8.9 a

41.1 c

20.7 b

0.6 a

8.7 ab

Mean values followed by the same letter are not significantly different at P = 0.05 acc. to Duncan’s test. The inter-
action: pollen viability � pretreatment is significant.
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10 green plants (Table 2). Obtaining as many embryos/calli as needed for regener-
ation of 10 green plants requires a similar number of anthers plated for chilling
and mannitol treatments. However, the data show clearly that the more efficient
kind of anther pretreatment is the induction with mannitol, as development of
10 green plants requires in this case the fewest embryos/calli transferred to the re-
generation medium.

Anther pretreatment significantly reduced the viability of pollen grains.
The reduction was the least noticeable in the chilling treatment, more marked,
however, in both treatments with mannitol (Table 3). Cultivar response varied;
e.g. for cv. Mobek, characterised by the highest pollen viability before treatment,
chilling appeared less detrimental than it was for the other two cultivars. The sur-
prising decrease in the viability of pollen grains of cv. Igri after mannitol treat-
ment might have resulted from the fact that most of the tested microspores of
the cultivar were at a younger stage than the microspores of cvs. Mobek and
Horus. As Figure 1 shows, development of pollen was inhibited during pretreat-
ment: there was only a small percentage of pollen grains at the stage of mitosis II
and of those with already formed male gametes. On the other hand, pollen grains
which at the time of anther isolation were in the late-uninucleate stage or dividing,
continued mitosis I. This was particularly noticeable in the chilling treatment. Ex-
periments indicated that after chilling and, sporadically, after mannitol treatment,
some pollen grains had two or three similar nuclei, occasionally beginning further
divisions.

Discussion

The purpose of applying pretreatment before plating anthers in the medium is to
bring about the stress needed to change the developmental pathway of immature
pollen grains. In our experiment, androgenesis was also achieved without pre-
treatment: in all the tested cultivars, green plants regenerated in the control. Simi-
lar results were obtained by HOEKSTRA et al. (1997) in barley, OHNOUTKOVÁ et
al. (2000) in barley and wheat, and INDRIANTO et al. (1999) in wheat. In those
cases, however, one cannot exclude the possibility of stress effect. For the induc-
tion to occur, it is sufficient to separate stems from the plant (WILSON et al. 1978)
or to choose a medium with stress-causing components, such as a suitable dose of
2,4-D (HOEKSTRA et al. 1997) or maltose, the source of carbohydrates in media
inducing androgenesis in cereals. Due to the slow hydrolysis of maltose, micro-
spores remain under starvation stress during the first days of culture (INDRIANTO

et al. 1999).
Several authors have compared the efficiency of the chilling and starving

pretreatments. ZIAUDIN et al. (1992) achieved similar results for both methods.
HOU et al. (1993) concluded that the two pretreatments induce a similar number of
embryos, but mannitol causes poorer plant development. CASTILLO et al. (2000),
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who examined cultivars with intermediate and low androgenic response, estab-
lished that pretreating anthers with high concentrations of mannitol produced
a 3-10 fold increase in the number of green plants as compared to anther chilling.
LI WENZE et al. (1995) noticed that mannitol treatment, as compared to chilling,
significantly increased the survival rate of pollen in culture, accelerated its devel-
opment, and led to a higher percentage of DH plants. In our experiments, pollen
viability decreased after pretreatment, and the reduction was greater after
mannitol than after chilling.

In order to determine the effect of the three pretreatment methods, we decided
to consider it separately for the phases of androgenetic induction and plant forma-
tion (according to KNUTSEN et al. 1989, embryo/callus formation and plant regen-
eration are two distinct processes with different genetic regulations). Chilling
significantly favoured the formation of embryos/calli in all the examined
cultivars, but the ability of the embryos/calli to develop plants in general and
green plants in particular was lower than after mannitol treatment. Treating an-
thers with mannitol and cold stress jointly, as in tests carried out by HU and
KASHA (1999) on wheat, proved to be ineffective in our experiment and the re-
sults resembled those obtained in the control.

The practical effects of chilling and starvation are best illustrated by the data
presented in Table 2: in the cultivars in which the induction of androgenesis is not
difficult and numerous embryos/calli are formed, mannitol treatment lowers
the number of embryos/calli to be plated on the regeneration medium, which re-
duces the amount of work and costs related to the culture. With recalcitrant geno-
types, the frequency of obtained embryos/calli may be increased by chilling.
The choice of the treatment method depends not only on the genotype but also on
the amount of material available for induction. With chilling, work may be distrib-
uted over a longer period than it is possible with the mannitol technique.

Conclusions

Treating spikes with cold stress resulted mainly in an increase in the frequency of
embryos/calli, while anther starvation in mannitol enhanced their ability to de-
velop plants, including green ones. Thus, with cultivars able to form numerous
embryos/calli, mannitol pretreatment proves more efficient than the other tested
treatments. Mannitol treatment, as compared to chilling, was more detrimental to
the viability of pollen and its development during pretreatment. Simultaneous ap-
plication of chilling and starvation was ineffective. Without pretreatment, em-
bryos/calli of the three tested cultivars exhibited a similarly low ability to develop
plants.
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